Abstract A new series of 3-(4-substituted phenyl)-1-(4-(4,6-dimethyl-6H-1,3-thiazin-2-yl)phenylsulfonyl)-1-substituted urea (5a-o) was synthesized by an effectual route via sulfonylcarbamates and explores the novel site for substitution in sulfonylurea as well as the way of thiazine can be prepared. The molecules were established by elemental analysis and spectroscopic viz. IR, 1 H NMR, 13 C NMR and MS techniques. All the fifteen derivatives were shown very prominent oral hypoglycemic effect at the dose of 40 mg/kg body weight (p.o.) in respect of standard drug glibenclamide and control. The hypoglycemic effect was studied using oral glucose tolerance test in normal and NIDDM in STZ-rat model. The compounds 5a, 5d, 5f, 5i, 5k and 5n were dominant out of fifteen derivatives for blood glucose lowering activity (more than 80%) when comparing with NIDDM control. These derivatives were either containing simply phenyl ring (5a, 5f and 5k) on to the second amine of sulfonylurea (R 0 = H) or nitro group at the para position in compound 5d, 5i and 5n (R 0 = NO 2 ) to produce significant oral hypoglycemic effect. Other structural activity relationship is also observed regarding the heteroaromatic and substituted aromatic group at R and R 0 position respectively. 
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H NMR, 13 C NMR and MS techniques. All the fifteen derivatives were shown very prominent oral hypoglycemic effect at the dose of 40 mg/kg body weight (p.o.) in respect of standard drug glibenclamide and control. The hypoglycemic effect was studied using oral glucose tolerance test in normal and NIDDM in STZ-rat model. The compounds 5a, 5d, 5f, 5i, 5k and 5n were dominant out of fifteen derivatives for blood glucose lowering activity (more than 80%) when comparing with NIDDM control. These derivatives were either containing simply phenyl ring (5a, 5f and 5k) on to the second amine of sulfonylurea (R 0 = H) or nitro group at the para position in compound 5d, 5i and 5n (R 0 = NO 2 ) to produce significant oral hypoglycemic effect. Other structural activity relationship is also observed regarding the heteroaromatic and substituted aromatic group at R and R 0 position respectively.
Introduction
Type 2 diabetes mellitus is the very common metabolic disease, which is illustrated by the blemish of insulin secretion as well as its sensitivity. Generally it is considered as sulfonylureas exert the hypoglycemic effect through promoting the insulin secretion from receptor of pancreatic b-cell (Kecskemeti et al., 2002) . However some reports have been published to suggest that the sulfonylureas do not penetrate the b-cell of pancreas which results the binding of this pharmacophore in very specific sites of plasma membrane of b-cell (Flatt et al., 1994) . It may be due to lower lipophilicity or due to ionized form of sulfonylureas. The second generation sulfonylurea is so potent stimulator of insulin secretion shown a great success for the treatment of type 2 diabetes, but due to exert hyperinsulinemia that causes the weight gain or hypoglycemia bears hindrance on their success (Hamaguchi et al., 2004) . Other than hypoglycemic effect sulfonylurea are established for cytotoxicity (Jung et al., 1996) , antimicrobial (Krajacic´et al., 2005) , vasodilator (Khelili et al., 1995) and antitubercular (Pan et al., 2012) all these consideration persuade the researcher to develop an effective oral hypoglycemic sulfonylurea derivative.
Sulfonylureas are generally undergone the chemical hydrolysis at ionizable hydrogen atom containing nitrogen which is situated between sulfonyl and carbonyl groups. The ionization leads the early cleavage of Sulfonylurea bridge, producing CO 2 and the corresponding sulfonamide and amine (Zheng et al., 2008) . Although the second generation sulfonylurea glibenclamide have longer duration of action but accumulates progressively in the b-cell (Kamp et al., 2003) . The efficacy and penetration of sulfonylureas can be enhanced by decreasing the rate of ionizable metabolism. This article presents the synthesis of some new trisubstituted sulfonylurea derivatives containing substitution at ionizable nitrogen atom with some aromatic and heteroaromatic groups.
The synthesis of compounds was initiated by the preparation of unsubstituted phenyl ring containing thiazine heterocyclic compound (1). This compound was actually prepared from the condensation of acetylacetone with the ammonium thiocyanate and benzaldehyde under reflux. When it was further reacted with chlorosulfonic acid at the room temperature by using dioxane it results sulfonyl chloride group at the para position of the phenyl ring (2). Which on treatment with the primary amines were produced different sulfonamides (3) under mild acidic condition of acetic acid that further converted to sulfonylcarbamates (4) after treatment with the ethyl chloroformate in the presence of pyridine base. Finally the hydrolysis of ethyl ester of sulfonylcarbamates with primary amines results the different trisubstituted sulfonylurea derivatives (5a-o) (Scheme 1, Table 1 ).
Result and discussion
The targeted trisubstituted sulfonylurea derivatives were prepared and confirmed by various spectroscopic and elemental analyses. Mass spectra and NMR data were helpful to conclude the molecular formula and weight as well as the chemical 
Scheme 1 Reagents and reaction conditions: (i) Ammonium thiocyanate, gla. CH 3 COOH, reflux 3-4 h, (ii) Chlorosulfonic acid, 1,4 dioxane, stirring at r.t., (iii) Pyridine, aniline (3a), p-nitro aniline (3b), 2-amino pyridine (3c), reflux 3-4 h, (iv) Ethyl chloroformate, anhydrous K 2 CO 3 , dry acetone, reflux 18-20 h, (v) Substituted primary aromatic amines (R 0 NH 2 ), toluene, reflux 3-4 h. condition of atoms in the structure along with the data from the elemental analysis. The progress and completion of synthetic reactions were evaluated by the TLC. FTIR spectra were playing a crucial role in authenticating the presence functional group in the target structure and confirmation for the conversion of intermediates to next compound. It can be seen into the FTIR spectra of compound 3a-c, the presence of peak for the secondary amine group (ANHA), were absent in the FTIR spectra of compound 4a-c, where the amine was substituted with ethylformate. This substitution made the amine to trisubstituted and the peak was become disappear due to the absence of NAH stretching. Further support for was made by the appearance of spectra for carbonyl group which given a hint for the presence of ethyl ester. The formation of sulfonylurea from the sulfonylcarbamate was confirmed by the FTIR spectra of compound 5a-o, where peak for ANAHA stretching was appeared again in terms of second amine group in sulfonylurea as it should be secondary amine.
The type II diabetes (NIDDM) was induced by streptozotocin i.p. injection in rats successfully. The antidiabetic study was evaluated for fifteen derivatives of trisubstituted sulfonylurea (5a-o) by oral glucose tolerance (OGT) test and NIDDM rat model. The glucose lowering effect of test compounds is presented in Table 2 and the oral glucose tolerance test results are shown in the form of bar chart to compare the effects of most active derivative (Fig. 1) .
All test compounds were shown remarkable antidiabetic effect at 100 mg/kg body weight (p.o.). Out of these fifteen derivatives the compounds 5a, 5d, 5f, 5i, 5k and 5n were reduced the highest percentage of blood glucose level in diabetic rats. In glucose fed normal rats these compounds reduced the more than 80% of blood glucose as compared to control.
These active compounds either possessed simply phenyl ring (5a, 5f and 5k) on to the second amine of sulfonylurea (R 0 = H) or nitro group at the para position in compound 5d, 5i and 5n (R 0 = NO 2 ) to produce significant blood glucose lowering activity. The para methoxy (R 0 = OCH 3 ) derivatives (5e, 5j, 5o) were given a little inferior activity compare to rest of the test compounds. While the chloro and hydroxyl derivatives were given considerable blood glucose lowering effect. Out of these six most active derivative, the compound containing nitro substituted phenyl ring at both the amine groups of sulfonylurea (5i) (R = R 0 = NO 2 ) is most effectively reduce the blood glucose level in both OGT test and NIDDM induced rats. The oral glucose tolerance test chart ( Fig. 1 ) elucidates the effect of most active derivative on normal rat's blood glucose level after glucose fed (2 g/kg b w p.o.) to assure the antihyperglycemic effect. So the conclusion for the SAR study of test compounds can be summarized as the tertiary nitrogen group containing sulfonylurea is useful for the antidiabetic drug development. The unsubstituted phenyl ring is favorable for activity and the presence of electron withdrawing nitro moiety in phenyl ring increase the activity very significantly. Data are expressed as value of mean ± SEM, n = 6. The noninsulin dependent diabetes (NIDDM) was induced by streptozotocin (STZ) at 40 mg/kg body weight by i.p. injection.
Conclusion
From spectral and analytical data it can be easily concluded that the preparation of trisubstituted sulfonylurea is achieved successfully along with oral hypoglycemic activity. The structures suggested for synthesized compounds (5a-o) are well established by spectroscopic data and elemental analysis bearing thiazine containing trisubstituted sulfonylurea. All the synthesized compounds are active for oral hypoglycemic activity. Some of the compounds (5a, 5f and 5k) are showing strong glucose lowering effect in all test animals. The application was illustrated by the incorporation of various heterocyclic rings in the sulfonylurea pharmacophore which explore more directing site for the substitution than the previous synthesized sulfonylureas.
Experimental
All the chemicals used were procured from Qualigens, Fine Chemicals, Mumbai and CDH (P) Ltd., New Delhi. Melting point ranges of the newly synthesized compounds were determined by open capillary method and are uncorrected. Thin layer chromatography using Silica gel G (E. Merck) plates was used to assess the completion of reaction and purity of synthesized compounds by using combination of acetonitrile and carbontetrachloride (60:40) as mobile phase. Elemental analysis was obtained for all the newly synthesized compounds on Carlo Erba EA 1108 elemental analyzer. IR spectrum of compounds in KBr pellets were recorded on a FTIR spectrophotometer (JASCO) using KBr disk, 1 H NMR spectra were recorded in DMSO on a Bruker Advance (400 MHz) NMR spectrophotometer using TMS as internal standard, 13 C NMR were recorded at 75 MHz by using DMSO-d 6 and mass spectra were taken by EIMS on SHIMADZU-2010 AT. In a 250 ml round bottom flask a mixture of 0.05 mol acetylacetone (5.0 g), 0.05 mol benzaldehyde (5.30 g) and 10 g of ammonium thiocyanate was refluxed with 15 ml of glacial acetic acid for 3-4 h using water condenser. The mixture was left for 12-14 h at room temperature and filtered. To this mixture around 200 ml of distilled water was added for precipitation of compound and the filtrate was neutralized with weak base hydroxide solution for further precipitation. Both the solids were combined and recrystallized from ethanol. Yield 89% and m.p. 144-46 o C.
Procedure for synthesis of 4-(
Two equimolar (25 mmol) solutions of chlorosulfonic acid and compound 1 were prepared separately by using 25 ml of 1,4-dioxane at room temperature. The exothermic solution of chlorosulfonic acid was added into the second solution with constant stirring to produce a homogenous solution. This solution was added into the crushed ice for precipitation of compound. The solid was filtered and recrystallized from ethanol. Yield 80% and m.p. 152-54°C.
4.3. General procedure for synthesis of 4-(4,6-dimethyl-6H-1,3-thiazin-2-yl)-N-substituted benzenesulfonamide (3a-c)
An equimolar mixture of compound 2 (20 mmol) and substituted primary amine was prepared in 20 ml of pyridine base in a 250 ml round bottom flask and refluxed for 3-4 h. The solution was cooled and added into the acidified water with stirring to produce solid product which was filtered and recrystallized with ethanol. Yield 75-80% and m.p. 142-146°C.
4-(4,6-dimethyl-6H-1,3-thiazin-2-yl)-N-phenyl benzenesulfonamide (3a)
IR vmax (KBr, in cm 
4-(4,6-dimethyl-6H-1,3-thiazin-2-yl)-N-(4-nitrophenyl)benzenesulfonamide (3b)

General procedure for the synthesis of ethyl 4-(4,6-dimethyl-6H-1,3-thiazin-2-yl)phenylsulfonyl(substituted) carbamate (4a-c) Rathish et al., 2009
The corresponding sulfonamide (3a-c) (20 mmol) was mixed with the solution of ethyl chloroformate (26 mmol) and anhydrous potassium carbonate (3 g) in dry acetone (250-300 ml) and was refluxed for 18-20 h. Acetone was removed by distillation under reduced pressure. The solution was left overnight and added in water (100-150 ml) and neutralized with acetic acid. The solid product was filtered and washed with distilled water. The product was dried and recrystallized from ethanol. Yield 85-92% and m.p. 142-158°C. 4.5. General procedure for the synthesis of 1-(4-(4,6-dimethyl-
The specified carbamate derivative (4a-c) was dissolved in hot toluene (30 ml). In the above solution the corresponding primary aromatic amine was added slowly and refluxed for 3-4 h. On cooling the refluxed solution, precipitation of desired product was occurred. After filtration solid was recrystallized from toluene and methanol.
IR vmax (KBr, in cm C, 58.64; H, 4.33; N, 8.21; O, 9.37; S, 12.52. Found: C, 58.58; H, 4.37; N, 8.18; O, 9.32; S, , 4.70; N, 8.51; O, 12.97; S, 12.99. Found: C, 60.78; H, 4.72; N, 8.54; O, 12.90; S, , 4.24; N, 10.72; O, 15.31, S, 12.27. Found: 57.46; H, 4.24; N, 10.72; O, 15.31, S, , 4.96; N, 8.28; O, 12.61, S, 12.63. Found: C, 61.57; H, 4.90; N, 8.21; O, 12.67, S, , 4.24; N, 10.72; O, 15.31; S, 12.27. Found: C, 57.41; H, 4.19; N, 10.78; O, 15.24; S, 
IR vmax (KBr, in cm , 3.80; N, 10.06; O, 14.36; S, 11.51. Found: C, 53.92; H, 3.87; N, 10.09; O, 14.28; S, , 3.73; N, 12.34; O, 19.73; S, 11.30. Found: C, 52.71; H, 3.64; N, 12.27; O, 19.76; S, , 4.38; N, 10.14; O, 17.37; S, 11.60. Found: C, 56.53; H, 4.32; N, 10.17; O, 17.32; S, 6 -dimethyl-6H-1,3-thiazin-2-yl)phenylsulfonyl)-3-phenyl-1-(pyridin-2-yl) urea (5k) IR vmax (KBr, in cm , 4.63; N, 11.71; O, 10.03; S, 13.40. Found: C, 60.18; H, 4.65; N, 11.68; O, 10.07; S, 13.44. 
